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EFFECT OF SKIRT ON THE BEARING CAPACITY 
OF CIRCULAR FOOTING ON SAND 
 
Abstrak 
Kapasitas dukung atau bearing capacity adalah faktor terpenting dalam merencanakan 
sebuah fondasi. Diperlukan adanya sebuah upaya untuk meningkatkan nilai kapasitas 
dukung tersebut. Skirt yang dipasang dibagian bawah permukaaan fondasi dapat berguna 
sebagai salah satu solusi tersebut. Skirt digunakan untuk meningkatkan kapasitas dukung 
pada fondasi dangkal tanah pasir. Penelitian ini penyuguhkan duabelas pengujian 
laboratorium fondasi bentuk lingkaran (circular footing) yang terbuat dari baja dengan 
panjang diameter dan panjang skirt yang berbeda-beda, pada media tanah pasir dengan 
mempertahankan kesamaan kadar air dan metode pemadatannya. Dari keseluruhan 
pengujian laboratorium, diketahui bahwa skirt sangat efektif untuk meningkatkan nilai 
kapasitas dukung ultimit (ultimate bearing capacity), dengan adanya skirt, besarnya nilai 
kapasitas dukung ultimit bisa mencapai 4,70 kali dari nilai kapasitas dukung ultimit 
apabila tanpa skirt. Skirt juga dapat mengurangi penurunan (settlement). Secara umum 
penurunan semakin berkurang, saat ditinjau pada satu nilai beban yang sama, yaitu 2,00 
kN. Circular footing dengan skirt paling panjang menunjukan kondisi penurunan terbaik. 
Kata Kunci: kapasitas dukung, penurunan, fondasi, circular footing, skirt, pasir. 
 
Abstract 
Bearing capacity is the most important factor in designing the foundation. It is necessary 
to find an effort to improve the bearing capacity. Skirts that are attached on the bellow of 
footing can be used as an alternative of it. They are used to improve the bearing capacity 
of shallow footing on sand soil. This study is performing twelve laboratory experiments 
on steel circular footing with different diameters and different skirt length, on the sand 
soil by keeping the same formation of water content and compaction method. From the 
accomplished laboratory tests, it was found that skirts are very effective to improve the 
ultimate bearing capacity, as they increase the length, the ultimate bearing capacity 
increases up to 4.70 times for the current study condition. Skirts also reduce the 
settlement. The settlement generally decreases, when it is observed on the same value of 
load, 2.00 kN. Skirted circular footing with the longest skirt has the best condition of 
settlement. 
Keywords: bearing capacity, circular footing, foundation, sand, skirt. 
 
1. INTRODUCTION 
The rate of bearing capacity becomes the most important factor in designing the foundation. 
Therefore, it is necessary to find an effort of improvement or investigation either on the soil or on the 
foundation itself. In this research, the investigation will be conducted on its foundation, by adding 
the skirt (vertical plates) on the below surface of footing periphery. This kind of footing will then be 
called as the skirted footing. 
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The research that conducted by El Wakil (2013), using 18 laboratory test of skirted circular 
footing that machined from steel, with the sand as the media of testing, is concluded that the usage of 
skirted footing is very effective on increasing the value of footing bearing capacity. It is shown by, 
the bigger ratio between skirt length (L) and footing diameter (D), the smaller settlement that 
happen. The same result is also expressed by Chandrawanshi, et al (2014), as the skirt length (L) 
increases, the bigger value of Bearing Capacity Ratio (BCR), BCR means ratio between the bearing 
capacity on skirted circular footing and the bearing capacity on unskirted circular footing. In other 
words, the longer skirt length (L) used, the bigger value of bearing capacity on skirted footing. 
2. METHOD 
To observe about the behaviour of skirted footing on sand, laboratory test conduct on the small scale 
models, with performing twelve circular footing models. Nine skirted circular footing models have a 
thickness (Ts) of 2 mm for 75, 100, 150 mm external diameter, and 75, 100, 150 mm length for each 
diameter. Their footings have 10 mm thickness (Tf), and also they have the same diameters with 
skirt’s external diameter. So, the ratio of skirt length (L) to the footing diameter (D), L/D are 0.50, 
0.67, 0.75, 1.00 (75/75), 1.00 (100/100), 1.00 (150/150), 1.33, 1.5, and 2.00. And three unskirted 
circular footing models, with 75, 100, 150 mm diameter and 10 mm thickness, L/D is 0.00. All 
footing models are made from steel plates. Skirts are welded firmly and accurately attached to the 
periphery of footings. Every model footings have a notch at the center of the top face for mounting 
the piston. Two open holes are drilled at the top surface of every footing models to observe the top 
surface of sand inside the skirt. The material used for studying the behaviour of skirted footing is 
homogenous sand soil, which is coming from Province of Jawa Tengah (Central Java), Indonesia by 















D : diameter of skirt & circular footing; 75 mm, 100 mm, 150 mm. 
L : length of skirt; 75 mm, 100 mm, 150 mm 
Tf : thickness of footing; 10 mm. 
 
Soil bin is made out of one cylinder of 500 mm height and 600 mm diameter, with the top 
side circle is opened. The vertical loadings are measured by Frame Load Testing machine, maximum 
load is 250 kN, and the vertical displacements of footing are measured by two-dial gauges that 
attached vertically on the top surface of the footing. The piston is placed right above the notch of 
footing. And for the compaction, it uses the hammer usually used for the Standard Compaction Test, 
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First step, it is preparing and seting up the equipments and also the material of sand soil that 
will be used on the research. Sand should be taken from a certain same location and same condition. 
Sand is dried on the room temperature (27-30
o
 C) before it is used for the investigation of water 
content, to have the value of air-dried water content. Second step, sand is already dry (on room 
temperature), and then investigating the value of air-dried water content. Third step, it is time for 
conducting the laboratory test of the effect of skirted footing toward the settlement of sand soil. First, 
sand which is known the value of air-dried water content is added by 1000 ml water on the 20 kg of 
sand. Second, compacting the sand on the soil bin, for the 9 layers, every layer is 20 kg of sand, and 
it is compacted 100 times hammer hit every layer. Third, setting the soil bin and compacted sand on 
the loading machine. Fourth, for the first test, placing the circular footing that has L/D = 0.5 right on 
centre of soil bin, and pushing it until total all the skirt is already inside sand soil, observing the top 
surface of sand inside the skirt via two open holes on the footing. Fifth, setting the two dial gauges 
exactly on the left and right side of footing, and this dials touch the top surface of footing. This two 
dials is useful for observing the settlement. Then, also setting the piston right in the central of footing 
and also having contact with the notch of footing. Sixth, skirted circular footing is already on the 
right position, running the hydraulic loading machine, observing and recording all of the changes 
that occured on every dial and on the digital divice of loading. The value of settlement will be shown 
by the two dial gauges that in touch with footing. And the value of loading that cause the settlement 
will be shown by the digital device of hydraulic loading machine. Last, stopping the loading when 
the loading decreases, as the indication that the foundation has been collape. The next laboratory test, 
conducting the same test sequence above, but it just replace the skirted circular footing with the 
value L/D = 0.67, 0.75, 1.00 (75/75), 1.00 (100/100), 1.00 (150/150), 1.33, 1.5, and 2.00. Because it 
is needed the comparison data between the skirted footing and the unskirted footing, therefore, it is 
conducted the laboratory test on the footing without the skirt. The step has the same sequence with 
the third step, but it just replaces the skirted footing with the unskirted footing, diameter 75, 100, dan 
150 mm. 
3. RESULTS AND DISCUSSION 
The air-dried water content becomes the reference for all testing model, and it is gotten 15.72 % 
from the investigation, and that value is always kept approached for all 12 footing models. Then, the 
result of the investigation shows the relationship between the load and the settlement that occur on 























































Figure 5. Load-settlement relationship for footing diameter 150 mm 
 
3.1 Ultimate Bearing Capacity 
The result shows that, with the same diameter of circular footing, as the length of skirt increases, the 
maximum load increases. It is indicates that the ultimate bearing capacity is also increasing, Table 1, 




qu : ultimate bearing capacity (kN/m
2
) 
Pmax : maximum load (kN) 












D (mm) A (mm
2
) L (mm) Pmax (kN) qu (kN/m
2
) 
75 4419.64 0 0.00 3.30 746.67 
75 4419.64 75 1.00 7.40 1674.34 
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75 4419.64 100 1.33 10.60 2398.38 
75 4419.64 150 2.00 13.90 3145.05 
100 7857.14 0 0.00 8.40 1069.09 
100 7857.14 75 0.75 13.30 1692.73 
100 7857.14 100 1.00 22.80 2901.82 
100 7857.14 150 1.50 33.00 4200.00 
150 17678.57 0 0.00 14.90 842.83 
150 17678.57 75 0.50 51.60 2918.79 
150 17678.57 100 0.67 67.20 3801.21 
150 17678.57 150 1.00 70.10 3965.25 
 
It also happen on L/D ratio, which is observed from the same diameter, and different skirt 















Figure 6. Ultimate bearing capacity-L/D ratio relationship, different L 
 
The unskirted circular footing that has 75 mm diameter through the increment of ultimate 
bearing capacity 224 % when it is added by the 75 mm skirt length, and become 321 % when it is 
replaced by the 100 mm skirt length, it is continuously increased become 421 % when the 150 mm 
skirt length is attached bellow the footing. The ultimate bearing capacity increment on every 




Table 2. Ultimate bearing capacity increment 






D (mm) L (mm) Pmax (kN) qu (kN/m
2
) > (%) 
75 0 3.30 746.67 - 
75 75 7.40 1674.34 224 
75 100 10.60 2398.38 321 
75 150 13.90 3145.05 421 
100 0 8.40 1069.09 - 
100 75 13.30 1692.73 158 
100 100 22.80 2901.82 271 
100 150 33.00 4200.00 393 
150 0 14.90 842.83 - 
150 75 51.60 2918.79 346 
150 100 67.20 3801.21 451 
150 150 70.10 3965.25 470 
 
3.2 Settlement 
To discern the alteration of settlement, it has to be observed on the same value of load (P, kN). It’s 
taken 2 kN, it is because of the loads of 12 circular footing types are through 2 kN load, see Figure 3 























































Table V.4. Settlement alteration on 2.00 kN load 
Diameter, Skirt length, Ult. bearing capacity, Settlement, 
D (mm) L (mm) qu (kN/m
2
) S (mm) 
75 0 746.67 -4.94 
75 75 1674.34 -3.66 
75 100 2398.38 -1.69 
75 150 3145.05 -1.44 
100 0 1069.09 -6.09 
100 75 1692.73 -2.28 
100 100 2901.82 -4.43 
100 150 4200.00 -1.95 
150 0 842.83 -2.44 
150 75 2918.79 -1.71 
150 100 3801.21 -0.91 
150 150 3965.25 -0.85 
 
The alteration of settlement which is caused by the alteration of skirt length indicates that, 
when unskirted circular footing is attached by the longer skirt, the settlement will generally decrease. 
Except for the circular footing with 100 mm diameter, unusual data is shown when this unskirted 
circular footing is attached by 75 mm and 100 mm skirt length. It is probably caused by the density 
of sand soil which is on very different formation between those two footing sample tests. It could be 
different on the value of water content or on the method of compaction. 
The best settlement of skirted circular footing is shown when the circular footing is attached 
by the skirt with 150 mm length, footing with 75 mm diameter has -1.44 mm settlement, 100 mm 
diameter circular footing shows -1.95 mm settlement, and the settlement with value -0.85 mm is 
occur on the circular footing with 150 mm diameter. The best value of settlement in this study is 
served on the skirted circular footing with 150 mm diameter and 150 mm skirt length. 
4. CONCLUSIONS 
Based on the research, finally it may be concluded: 
1. The additional of skirt on the circular footing is very effective to improve the ultimate bearing 
capacity on the sand soil. With the same diameter of circular footing, as the length of skirt 
increases, the ultimate bearing capacity increases. 
2. The influence of skirt length to footing diameter ratio, L/D shows that L/D ratio and the ultimate 




3. The usage of skirt on the circular footing is so effective for reducing the settlement. When it is 
observed on the same value of load, 2.00 kN, the settlement generally decreases, at the moment 
that the circular footing is attached by the longer skirt. 
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